Mountain headwaters are vulnerable to change. Increases in annual average temperature, changes in seasonal precipitation and drought stress will continue to alter the dynamics of these delicate ecosystems. Despite its significance in the water budget, both the quantity and partitioning of evapotranspiration (ET) is poorly resolved.
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INTRODUCTION
The 2012-2017 drought was the driest period in California record-keeping (U.S.
Geological Survey 2017) . Parts of the Southern Sierra Nevada experienced a 70% reduction in precipitation from 2011 to 2012. In the Southern Sierras, tree-mortality was observed as a direct response to this recent drought. In the Southern Sierras, catchments above 1000 m are dominated by snow in the winter. Increasing average annual temperature forces the rain-snow transition line to higher elevations thereby reducing snowpack duration and volume. The ecohydrologic relationships between subsurface water storage and plant water stress with changing climate regimes in these systems are especially important. Spring snowmelt provides vegetation with the necessary plant-available water for the growing season (Bales et al. 2014 ). Since snowpack is a critical driver of streamflow and soil moisture in mountain systems, reductions in snowpack duration and volume directly affect the extent and vitality of the plant growing season (Blankinship et al. 2014; Beniston 2003) .
As the largest terrestrial flux, it is critical to bracket evapotranspiration (ET) estimates to inform downstream water management and planning with an accurate water balance of these complex mountain systems (Trenberth et al. 2007 ).
Evapotranspiration is difficult to estimate in the field. Currently, evapotranspiration estimates are sourced from point observations at eddy covariance flux towers.
Installation of instrumentation is often location dependent and limited by both internal (i.e. poor calibration and metadata documentation) and external (i.e. environmental challenges and equipment malfunction) sources of error. Scaling these point data is difficult as evapotranspiration depends on spatially heterogeneous factors such as vegetation, soil and geology, and energy inputs.
Providence Creek (P300) watershed is a heavily instrumented alpine headwaters catchment located at the Southern Sierra Critical Zone Observatory (SSCZO).
Observations at P300 show depleted plant available water in the soil column early into the growing season and deep reaching root systems (Hubbert, Graham, and Anderson 2001 Physically-based hydrology models provide an avenue for studying process interactions and system behavior to climate perturbations. There is a proliferation of work documenting the relationships between evapotranspiration (ET) and water table depth (WTD) (Condon, Maxwell, & Gangopadhyay, 2013; Kollet & Maxwell, 2008a; Maxwell & Kollet, 2008) . Although it is still unclear exactly how much water vegetation is using, recently Maxwell & Condon (2016) demonstrated the significant role of lateral groundwater flow on evapotranspiration partitioning at the continental scale (Maxwell and Condon 2016) . Recent work suggests Sierran vegetation is sustaining ET under water stress hypothesizing that plants are accessing deeper groundwater storage (Bales et al. 2018) . However, little research has focused on the ecohydrologic relationships between montane groundwater flow and plant water stress under sustained drought. Using ParFlow-CLM, this study assesses the importance of lateral groundwater flow on subsurface water storage and plant water stress, as well as brackets evapotranspiration estimates, during drought conditions in a headwaters system at the watershed scale.
Study Site
Providence Creek (P300) watershed is an alpine headwaters catchment located in the Southern Sierra Nevada mountains, approximately 50 miles east-northeast of One of the goals of the SSCZO at P300 is to understand how the regolith plays a role in the local ecohydrology-namely the vegetative response to hydrologic regimes in the subsurface, such as the groundwater (National Science Foundation 2016c).
Regolith is defined as the loose, heavily weathered, and sometimes unconsolidated, superficial material overlying less weathered bedrock of the same geologic history (Graham, Tice, and Guertal 1994) . The regolith subsurface layer is more broken up than the underlying bedrock and feeds the supply of soil. Tree roots take advantage of the highly chemically weathered and more easily fractured regolith (Graham, Tice, and Guertal 1994; Holbrook et al. 2014) . Accurate characterization elucidates subsurface water storage. Land Model (CLM), PF-CLM can simulate land surface processes, including a complete land-energy balance and snow dynamics, while accounting for evapotranspiration (Kollet and Maxwell 2008b; Maxwell and Miller 2005; Dai et al. 2003; Ferguson et al. 2016) . Parallel implementation provides solver efficiency for complex problems (Ashby and Falgout 1996; Osei-Kuffuor, Maxwell, and Woodward 2014; Kollet et al. 2010; Maxwell 2013 ). 
Model Development
Site characterization was developed from available complex datasets, such as topography ( 
Meteorology

Model Initialization
The model spin-up phase-the process of achieving dynamic equilibrium of subsurface and surface fluxes-establishes an initial pressure field for the simulation period. This process is two-fold. First, the ParFlow model was driven with a long-term averaged precipitation minus evapotranspiration (PME) value for 80 years to establish groundwater. Then driven with NLDAS-II forcing from water year 2009 with CLM for an additional 20 years to establish land-surface processes. Dynamic steady-state is reached when the change in subsurface storage with respect to recharge is less than one percent. The purpose of the model spin-up phase is to ensure the effects of any initial conditions are removed and that responses of the system can be attributed to perturbations (i.e. drought conditions) in the simulation.
Model Simulations
Subsurface characterization at Providence Creek watershed (P300) is uncertain.
Recent studies suggest that vegetation rooting depths at P300 may be as deep as 15 meters (Holbrook et al. 2014) . Integrated modeling in conjunction with observations is a tool for bracketing subsurface characterization. In this study, a sensitivity analysis was 
Critical Zone Relationships with Water Table Depth
PF-CLM is a tool for studying evapotranspiration (ET) components separately.
The conceptual model in Figure 3 Despite significant decreases in precipitation during the drought, transpiration dominates the evapotranspiration (ET) balance (Figure 3.3E ).
Evapotranspiration through the recent California Drought
The evapotranspiration (ET) estimates discussed in Figure 3 .3 can be visualized spatially ( Figures 3.4 and A-3) . from an annual average 293 mm during the pre-drought period to 258 mm annual average during the drought period. Total stream discharge at the P300 outlet decreases by 67.3% from an annual average of 1170 mm during the pre-drought period to 383 mm annual average during the drought period. Total annual average change in storage decreases by 245.9% from 74 mm annual average during the pre-drought period to -108 mm annual average during the drought period. The transpiration partitioning ratio (T/ET) increases from 55.4% during the pre-drought period to 62.2% during the drought period. (2009-2011) and drought years (2012-2016) .
For the quadruple permeability case, total evapotranspiration (ET) decreased by 25.1% from an annual average of 474 mm during the pre-drought period to 355 mm annual average during the drought period. Total bare ground evaporation (E) increased by 9.0% from an annual average of 67 mm during the pre-drought period to 73 mm annual average during the drought period. Total transpiration (T) decreased by 14.9% from an annual average 248 mm during the pre-drought period to 211 mm annual average during the drought period. Total stream discharge at the P300 outlet decreases by 57.3% from an annual average of 1124 mm during the pre-drought period to 480 mm annual average during the drought period. Total annual average change in storage decreases by 210.1% from 138 mm annual average during the pre-drought period to -152 mm annual average during the drought period. The transpiration partitioning ratio (T/ET) increases from 52.3% during the pre-drought period to 59.4% during the drought period.
For the free-draining model, without lateral groundwater flow, ET is controlled by soil and geology and decreases ubiquitously across the watershed. Total evapotranspiration (ET) decreases by 37.7% from an annual average of 350 mm during the pre-drought period to 218 mm annual average during the drought period. Total bare ground evaporation (E) decreases by 3.0% from an annual average of 33 mm during the pre-drought period to 32 mm annual average during the drought period. Total transpiration (T) decreases by 26.8% from an annual average of 157 mm during the pre-drought period to 115 mm annual average during the drought. For the homogeneous geology, double, and quadruple permeability cases the spatial variation in how ET occurs at Providence Creek (P300) is similar to the base case: ET decreases in the ridges and increases in the convergence zones. Similar to the heterogeneous models, the transpiration partitioning ratio (T/ET) for the freedraining model ( Figure A-4) increases from 44.9% during the pre-drought period to 52.8% during the drought period. The increase in transpiration partitioning across models is due to total evapotranspiration (ET) decreasing more than transpiration (T).
Despite the difference in the subsurface characterizations, ET behavior remains the same for each model into the drought period. Increasing the overall effective domain permeability reduces water table depths-a proxy for how extensive plant-accessible groundwater is. Despite slight reductions in overall evapotranspiration (ET) through the drought, lateral groundwater flow maintains transpiration preventing total shut off and subsequent die off.
Lateral Groundwater Flow on Transpiration through the California Drought
The total transpiration partitioning ratio (T/ET) for P300 increased from an annual average of 59.0% during the pre-drought period to 63.5% annual average during the drought period. Accurate and comprehensive water budget knowledge is imperative especially in regions, such as California, where prolonged drought periods are becoming more frequent under changing climate regimes (Fulé et al. 2012; Westerling et al. 2006) . As the largest terrestrial flux, it is critical to bracket evapotranspiration (ET) estimates (Trenberth et al. 2007 ).
Evapotranspiration is difficult to estimate in the field. In many mountain regions experiencing sustained drought, expansive and increasing tree-mortality is observed.
During the recent California Drought, tree mortality in the Southern Sierras has broadened and encroached into the Providence Creek watershed (P300) (Bales et al. 2018 ). Recent research suggests that plants are using more water than originally thought (Maxwell and Condon 2016) . In this study, an integrated modeling approach is used to bridge the gap between point-observations and the spatial complexity of evapotranspiration (ET) and to explore the role of lateral groundwater flow on the drought-tolerance of P300 vegetation.
Despite a significant decrease in precipitation during the drought period, evapotranspiration at P300 is maintained. From the pre-drought period to the drought period the total change in groundwater storage decreased by 470%. Groundwater storage helps explain how P300 vegetation sustained through the drought.
Incorporating lateral groundwater flow increased transpiration partitioning (T/ET) from 44.9% to 59.0% in the pre-drought period and from 52.8% to 63.5% in the drought period. These model simulations strongly suggest that lateral groundwater flow sustained P300 vegetation and ET fluxes through the drought.
Integrated, physically-based models provide an avenue for exploring evapotranspiration partitioning mechanistically. These tools help to bridge the gap between point observations and the spatial complexity of hydrologic fluxes. Bracketing these fluxes is sensitive to subsurface characterization. Understanding subsurface heterogeneities in mountain systems is challenging and demands extensive observation. These experiments can inform data collection. However, hydrology modeling is not without caveats. Limitations of the model include uncertainty within the model parameters-hydraulic conductivity, porosity, land cover, to name a few-and model design-lateral and vertical resolution. Further increasing the degree of heterogeneity and increasing the resolution would help to resolve system behavior.
Nevertheless, these computational experiments add to the body of evidence supporting lateral groundwater flow as a mechanism for plant water use during drought stress. 3 Visualizing evapotranspiration spatially for subsurface sensitivity study: total evapotranspiration averaged over the pre-drought period and the drought period for the free-draining model (a-b), homogeneous geology model (i-j), double permeability model (q-r), and quadruple permeability model (y-z); total bare ground evaporation averaged over the pre-drought period and the drought period for the free-draining model (c-d), homogeneous geology model (k-l), double permeability model (s-t), and quadruple permeability model (aa-bb); total transpiration averaged over the pre-drought period and the drought period for the free-draining model (e-f), homogeneous geology model (m-n), double permeability model (u-v) , and quadruple permeability model (cc-dd); total transpiration partitioning ratio averaged over the pre-drought period and the drought period for the free-draining model (g-h), homogeneous geology model (o-p), double permeability model (w-x), and quadruple permeability model (ee-ff). 
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